The present study, based on a faunistic and ecological survey of the genus Macrobrachium from Guangdong Province, expands the knowledge of morphology, coloration, and distribution of an undescribed species and four new records for M. formosense Bate, 1868, M. inflatum Liang & Yan, 1985 , M. maculatum Liang & Yan, 1980 and M. meridionalis Liang & Yan, 1983. A more complete diagnosis of these five species is presented. Macrobrachium heterorhynchos, new species, can be distinguished from its congeners by a combination of characters which includes rostral sexual dimorphism, the two teeth at the proximal part of the cutting edge of the fixed finger of the second pereiopod, the non-inflated palm, and the distinctly longer merus compared which is distinctly longer than the palm or the ischium.
Introduction
The genus Macrobrachium is a relatively species-rich group, which contains nearly 220 species and subspecies (Liu et al, 1990; Chace & Bruce 1993; Wowor & Choy 2001; Cai & Ng 2002; Cai et al. 2004; Short 2004; Jayachandran & Raji 2005; Komai & Fujita, 2005; Li et al. 2007 ) from fresh to brackish environments. The Macrobrachium fauna of China is notable for its high species richness, Li et al. (2007) revised the local fauna and noted 33 species based on specimens they examined. So far, six species of Macrobrachium have been reported from Guangdong Province, occurring both in fresh and brackish waters. They are: Macrobrachium asperulum (Von Martens, 1868) , M. equidens (Dana, 1852) , M. fukienense Liang & Yan, 1980 , M. hainanense (Parisi, 1919 , M. nipponense (De Haan, 1849) , and M. superbum (Heller, 1862 ) (see Holthuis 1950; Liu 1957; Liu et al. 1990; Zhang & Sun 1981; Li et al. 2007) . Intensive field surveys have been carried out in the region in recent years by the authors, with the addition of the new species and the new records described in this study, this brings the total number of the genus Macrobrachium known from Guangdong Province to 11.
Material and methods
The specimens examined in the present study were collected by hutch net with mesh size 0.8 mm and then preserved in 75% alcohol before dissection. The drawings were made with the aid of drawing tube mounted on an Olympus BX-41 compound microscope.
The following abbreviations are used throughout the text: tl, total length of body (measured from the ros-tral tip to the posterior margin of the telson); cl, carapace length (measured from the postorbital margin to the posterior margin of the carapace); rl, rostral length (measured from the rostral tip to the postorbital margin). All measurements are in millimeters (mm). Notation for the rostral formula follows that of Chace & Bruce (1993) . Specimens are deposited in the collections of the Foshan Science and Technology College (FSTC).
densely setose distally. Maxilla ( Fig. 2C ) with simple palp; basal endite deeply bilobed, upper and lower lobes with numerous simple setae distally; scaphognathite broad, about 3.4 times as long as wide. (FSTC, , cl. 14.1 mm. Scale: A-B = 5 mm, C-D = 2 mm, E-F = 2.5 mm. FIGURE 2. Macrobrachium heterorhynchos, new species, paratype, male (FSTC, 02-06-11-02), cl. 14.1 mm. A, mandible. B, maxillula. C, maxilla. D, first maxilliped. E, second maxilliped. F, third maxilliped. G, first pereiopod. H, third pereiopod. I, fifth pereiopod. Scale: A-E = 1 mm, F-I = 2 mm.
First maxilliped (Fig. 2D ) with subcylindrical, distally tapering palp, basipodal and coxal endites distinct; exopod with large caridean lobe, flagellum with numerous plumose setae distally, epipod deeply bilobed, upper lobe triangle, lower lobe oval.
Second maxilliped ( Fig. 2E ) with normal endopod, last segment fused with entire length of penultimate; exopod well developed, flagellum with plumose setae distally, epipod simple, with well-developed podobranch.
Third maxilliped (Fig. 2F ) with robust endopod, ischiomerus slightly bow-shaped, with rows of long simple setae on distal inner and outer margins; carpus about 0.76 times length of ischiomerus, with row of long, simple setae on inner margin and sparse row of simple setae on outer margin; distal segment about 0.78 times penultimate segment, with long, simple setae on inner margin; exopod reach distal end of ischiomerus, with plumose setae distally; basal with well developed oval lateral plate, two arthrobranchs, one rudimentary, obscured by the larger.
Branchial formula typical for genus. First pereiopods (Figs. 1A, 2G ) slender, base of fingers extending beyond scaphocerite, carpus 1.8-2.1 times as long as chela; palm shorter than fingers.
Second pereiopods (Fig. 1A , E) slightly shorter than the tl. in both sexes, similar in shape and size, distal merus extending beyond scaphocerite; the finger 0.71-0.97 times as long as palm, fixed finger with 2 teeth at proximal, basal tooth is formed of 2-3 denticles, moveable finger with 2 proximal teeth, palm not inflated, 4.0-4.6 times as long as width; carpus is 6.6-8.8 times as long as width, 1.2-1.6 times as long as palm, and is 1.4-1.6 times as long as merus; merus of males slight longer than palm, 1.0-1.2 times as long as palm, in females merus shorter than palm, 0.8-0.9 times as long as palm; merus 1.1 times as long as ischium; all segments covered with numerous microspinules except for ischium.
Third pereiopods (Figs. 1A, 2H ) extending beyond scaphocerite by one-fifth distal propodus; propodus 2.2-2.6 times as long as dactylus, dactylus about 6.0 times as long as width, terminating in a small claw.
Fifth pereiopods (Figs. 1A, 2I) extending beyond tip of scaphocerite; propodus 3.0-3.3 times as long as dactylus, dactylus about 5.4 times as long as width, terminating in a small claw.
First pleopods of male with endopod of about half of exopod, slightly concave at inner margin, top rounded, without appendix interna.
Second pleopods with well developed appendix masculina, reaching middle of endopod, about twice as long as appendix interna with numerous stiff setae.
Abdomen (Figs. 1A, 7A , B) glabrous; pleura of first three somites broadly rounded, pleura of somites 4 and 5 also rounded, but with almost rectangular posterolateral angle; sixth somite 1.2-1.6 times as long as fifth somite, about 0.6-0.7 times as long as telson.
Telson (Fig. 1A, F ) smooth, about 0.6 times cl., longer than sixth abdominal segment; dorsal surface furnished with 2 pairs of stout movable spines; posterior margin tapers regularly to a sharp point with 2 pairs of posterior spines; numerous setae present between inner spines.
Uropodal diaeresis with a spine, shorter than outer angle. Eggs small, 0.50-0.59 X 0.61-0.69 mm in diameter. Live coloration. All specimens light green with numerous small reddish spots on carapace, abdomen and uropods. Third abdominal somite with a white broad transverse band near posterior margin. Endopod of third maxilliped transparent, distal segment entirely reddish, penultimate segment with 3 red rings, basal segment with 1 red ring; ischium, merus and fingers of second pereiopods translucent, with 3, 4 and 2 red rings respectively, outer surface of carpus and palm yellowish, with 2 longitudinal dark stripes near margins (these dark stripes persist in preservation, Fig. 7A, B) . First, third, fourth and fifth pereiopods transparent, ischium, merus and carpus with 2, 4 and 2 red rings respectively, half proximally of fingers reddish; a large dark spot on uropods; eggs reddish brown.
Etymology. Species name is derived from heteros (Greek), meaning different and rhynchus (Greek), meaning nose in reference to the rostral morphology of the male being different from the female.
Remarks.Macrobrachium heterorhynchos superficially resembles M. inflatum Liang & Yan, 1985 , in having similar ratios of various segments of the second pereiopods. However, it can be distinguished from M. inflatum by its sexually dimorphic rostrum (versus non-sexually dimorphic); the palm of the male second pereiopods is not inflated (versus inflated) and 4.0-4.6 times (versus 3.5-3.6 times) as long as broad, the merus is distinctly longer than the palm or the ischium (versus shorter than the palm or the ischium), the cut-ting edge of the fixed finger bears two teeth (versus one tooth), without a gape present when closed (versus with a distinct gape present); the scaphocerite is broader (the length is 2.8-3.1 times as long as width versus 3.4 times); and they have entirely different body coloration.
Macrobrachium heterorhynchos is also close to M. nipponense (De Haan, 1849) . Comparison of adult specimens of equivalent size to M. heterorhynchos and specimens of M. nipponense from Guangdong province shows that it can be distinguished from latter by characters of rostrum and second pereopods. The rostrum of M. heterorhynchos is sexual dimorphic (versus non-sexual dimorphic) and with more ventral teeth (4 or 5 versus 2 or 3). The second pereiopods of M. heterorhynchos are distinctly shorter than those of M. nipponense; the merus is distinctly longer than the palm (versus shorter than the palm), the finger is proportionally longer in M. heterorhynchos than in M. nipponense (ratio of finger to palm length 0.71-1.0 versus 0.6-0.7), and without setae on cutting edge (versus covered with long dense setae).
Habitat:
The type specimens were collected from near Jiangmen City (ca. 22°33'N, 113°08' E). The locality is approximately 50 km away from the northern coast of Nanhai Sea. The water is brackish with temperature 26°C and pH 7.5. It is found together with M. nipponense and M. hainanense.
Distribution. Known only from the type locality in Guangdong Province, southern China. Holthuis, 1950: 156; Shokita, 1979: 207; Suzuki et al., 1993: 58; Shy & Yu, 1998: 25; Li et al., 2007:93 . Palaemon similis Yu, 1931: 281, fig. 2 . Macrobrachium hainanense Holthuis, 1950: 158, fig. 35 ; Liu et al., 1990: 118, fig. 15 Diagnosis. Rostrum reaching to end of antennular peduncle, upper margin slightly convex above eyes, rostral formula: 3-4 + 9-10/2-4, rl. about 0.55-0.66 times cl. Cephalothorax, abdomen and telson roughened, with numerous microspinules, densest laterally. Second pereiopods of adult male stout, equal or subequal in size, all segments rough, covered with microspinules, finger about 0.50-0.60 times as long as palm, cutting edges of both fingers with 2 or 3 teeth, basal tooth of fixed finger formed of 2 or 3 denticles; carpus longer or as long as palm, palm 4.9-6.8 times as long as width; carpus about 1.4-1.6 times as long as merus; merus about 1.3-1.6 times as long as ischium (Fig. 3) . Egg size: 0.42-0.55 X 0.52-0.69 mm in diameter.
Macrobrachium formosense
Description. Rostrum (Fig. 3A) exceeding the end of antennular peduncle, not reaching beyond the end of scaphocerite; rl. is about 0.55-0.66 times of cl.; upper margin slightly convex over eyes; 12-14 dorsal rostral teeth, of which 3 or 4 teeth placed behind the orbit. Distance between first dorsal tooth and orbital margin 0.29 cl. The distance between the first and second tooth is about 1.5 times of the second and third tooth. There are 3 ventral rostral teeth. The scaphocerite (Fig. 3B) is large, is about 3.0 times as long as broad, with a distinct spine near the outer part of the base. First pereiopod (Fig. 3A) slender, reaching 1/3 of carpus length beyond scaphocerite. Carpus about 2.6 times length of chela; palm longer than the fingers. Second pereiopod (Fig. 3A) very strong in adult male, subequal in size, shape and segment ratios of left and right similar. Merus about 1.3-1.6 times as long as ischum; carpus about 1.4-1.6 times as long as merus and almost same length as palm; palm 4.9-6.8 times as long as wide; dactylus about 0.5-0.6 times as long as palm. Cutting edge of both fingers with 2 teeth, situated at proximal one-third. All segments covered with numerous spines and scattered setae. Last three pereiopods (Fig.  3A) slender. Dactylus of fifth leg reaching about 1/3 of scaphocerite, propodus about 2.8 times as long as dactylus.
Abdomen (Fig. 3A) rough, with numerous small spinules on pleura; uropods with numerous small spinules on surface. Sixth somite about 1.6 times as long as the fifth and 0.65 times as long as telson. Telson (Fig.3A,C ) rough, covered with numerous small spinules on dorsal surface, about 0.5 cl., distinctly longer than sixth abdominal segment; dorsal surface with 2 pairs of stout movable spines; posterior margin tapering regularly to a sharp point and with 2 pairs of posterior spines; numerous setae present between inner spines.
Remarks. This species is very easily confused with M. hainanense (Parisi, 1919) . Holthuis (1950) showed that Palaemon similis Yu, 1931 , is a synonym of M. hainanense. Since then, M. formosense is only known from Taiwan, while on the mainland, M. hainanense was the name used by local carcinologists (Liu 1957; Dai 1984; Liu et al. 1990 ). In the present study, we examined large numbers of specimens from Guangdong Province. The results show that M. formosense can be differentiated from M. hainanense by the structure and proportions of the segments of the male second pereiopods and the tooth arrangement on the cutting edge of the fingers. In M. formosense, the second pereiopods are equal or subequal, the carpus is longer or sometimes as long as the palm, and the basal tooth of the fixed finger is formed of 2 or 3 denticles, while in M. hainanense the second pereiopods are equal in length, the carpus is distinctly shorter than the palm, and the basal tooth of the fixed finger is formed of 4 or 5, rarely 3 denticles. Since the differences are so obvious and consistent, we hereby treat them as two species. Li at al. (2007) noted that among material which they examined from Fujian, Guangdong, Hainan and Guangxi, were specimens clearly referable to both M. formosense as well as M. hainanense, and commented that the latter appears to be a good species.
This species is commercially important in Guangdong Province where it is sold live together with M. nipponense at local fish markets. It is fished for home and restaurant consumption as a special dish. Local commercial fishermen call it He xia (meaning river prawn) since it is usually found in rivers.
Distribution and habitat. Southeastern China (Fujian, Guangdong Provinces and Taiwan), Japan (Ryukyu Islands and Kyushu), and Indonesia (Java). The species seems to be restricted to shallow, sandy rivers and streams in fresh to brackish waters. It seeks shelter among in aquatic vegetation or under stone. (Figs. 4-6) Macrobrachium meridionalis Liang & Yan, 1983: 213, fig. 2 [type locality: Jingjiang river, Chengmai County, Hainan Island, southern China]; Liu et al., 1990: 115, fig. 13 ; Yeo et al., 1999: 227, Diagnosis. Rostrum reaching as far as or extending beyond end of antennular peduncle, upper margin slightly convex above eyes; rostral formula: 4-7 + 6-8/2-4, rl. about 0.40-0.50 cl. Cephalothorax, abdomen and telson smooth, without microspinules. Second pereiopods subequal in both sexes, all segments rough, covered with appressed scales, those on inner margin spiniform, finger about 0.44-0.71 times as long as palm, cutting edges of fixed finger with 2-4 teeth, basal tooth formed of 4-12 (usually 4 or 5) denticles, movable finger with 3-6 tooth in proximal half to two-thirds; carpus shorter than palm, about 0.62-0.91 times as long as palm, palm slightly compressed, subcylindrical, 3.3-4.9 times as long as width; carpus cylindrical, about 1.1-1.3 times as long as merus; merus about 1.1-1.6 times as long as ischium. Egg size: 0.42-0.47 X 0.51-0.65 mm in diameter.
Macrobrachium meridionalis Liang & Yan, 1983
Live coloration. This prawn seems to be quite variable in color, with at least three color variations. In specimens collected from rocky beds, under pebbles and stones, the body and appendages are buff with irregular dark brown or red spots (Fig. 4) . In specimens collected from sandy substrates, the body is very dark brown, the cephalothorax has yellow spots, and the abdomen and telson have irregular yellow stripes and spots. Those from localities with a much aquatic vegetation have a bluish-green body with irregular dark brown spots. The eggs are grass green.
Remarks. The first record of Macrobrachium meridionalis Liang & Yan, 1983 was from Chengmai County, Hainan Island, southern China. The description was based on three small specimens (Liang & Yan, 1983) . Recently, Yeo et al. (1999) , after reexamining the paratype and observing the specimens from Peninsular Malaysia, provided additional details of the morphology of M. meridionalis and expanded its distribution in Peninsular Malaysia. The present specimens essentially match the definition of the present species as given by Liang & Yan (1983) , Liu et al. (1990) and Yeo et al. (1999) . There are some minor differences compared to the type specimens. The rostral formula of the Guangdong specimens is 4-7 + 6-8/2-4 versus 5-6 + 7-8/2-3 in the types. The tooth arrangement of the cutting edges of the fingers of the major male second pereiopod is quite variable; the fixed finger has 2-4 teeth, the basal tooth is formed of 4-12 (usually 4 or 5) denticles, movable finger with 3-6 tooth in proximal half to two-thirds (Fig. 5 ). There is a distinct longitudinal groove along the each surface of the palm of second pereiopods of the fully developed adult male (Fig. 6) . Yeo et al. (1999: 227) also found a very distinct sulcus along the length of the carpus and the proximal half of the palm, and noted other differences such as a relative longer and slender finger of the second pereiopods. This is the first record in the Guangdong Province.
When living animals are attacked, the second pereiopods are easily broken off the body. Therefore, most living specimens sold in markets and most preserved specimens have lost their second pereiopods.
This species is commercially important in Guangdong Province. It is fished for home and restaurant consumption as a special dish and sometimes it is sold in large quantities in fish markets. In markets, the price of this species is double that of other freshwater prawns such as M. nipponense, because of their size and the excellent flavour. Local commercial fishermen call it Shi xia (meaning stone prawn) due to its habitat, i. e., usually in crevices among stones.
Distribution and habitat. Southeastern China (Guangdong and Hainan Provinces) and Malaysia (Pulau Tioman). The species seems to be restricted to relatively slow flowing rivers above the reach of tidal influence. Liang & Yan, 1985 . (Fig. 7D) Macrobrachium inflatum Liang & Yan, 1985: 254, fig. 3 [type locality: Kunshan County, Jiangsu Province, eastern China]; Liu et al., 1990: 107, fig. 5; Tan & Dong, 1996: 287; Cai & Dai, 1999: 223, fig Diagnosis. Rostrum extending beyond scaphocerite, distal part slightly curved upwards, rostral formula: 3-4 + 9-13/3-5, rl. about as long as cl. Cephalothorax, abdomen and telson smooth, without microspinules. Second pereiopods equal in both sexes, carpus and outer margin of palm covered with microspinules; fingers of male about as long as palm, fingers of female shorter (about 0.83-0.92) than palm, movable finger with 2 small denticles, fixed finger with a single denticle; carpus longer than palm, about 1.3-1.5 times as long as palm, palm distinctly swollen, 3.5-3.6 times as long as width; carpus about 1.4-1.5 times as long as merus; merus about 0.91 times as long as ischium. Egg size: 0.54-0.70 X 0.84-0.92 mm in diameter.
Macrobrachium inflatum
Live coloration. Body translucent, light green. Rostrum transparent to almost colorless. Cephalothorax with blue-black diagonal strips, abdomen with blue-black transverse strips. Second pereiopods with transversal yellow bands on merus and carpus. All joints of third to fifth pereiopods with transverse yellow bands. Eggs e yellow (Fig. 7D) .
Remarks. The present material can be confidently assigned to M. inflatum due to the very inflated palm, the ratio of the segments of the male second pereiopods, the upturned rostrum and the rostral formula. Cai & Dai (1999) pointed out that M. inflatum was reported from Yunnan Province may be caused by human introduction. In recent years, we have however collected and examined numerous specimens of this species in various freshwater bodies from Hunan and Guangdong Province. It is usually found together with M. nipponense. Therefore this species may be naturally distributed in southeastern China. This is the first record of the species from Guangdong Province.
Distribution and habitat. Southeastern China (Jiangsu, Anhui, Hunan, Guangdong and Yunnan Provinces). This species is found in various freshwater bodies, such as ponds, rivers, lakes and reservoirs. It seeks shelter among aquatic vegetation. (Fig. 7E) Macrobrachium maculatum Liang & Yan, 1980: 31, figs. 8-14 Material examined. 5 females, tl. 45. 8-54.0 mm, cl. 12.0-18.3 mm, 4 males, tl. 35.6-75.8 mm, cl. 9.6-19.8 mm, Xijiang river near Foshan City, 7 July 2002; 4 females, tl. 40.8-65.0 mm, cl. 10.0-16.32 mm, 3 males, tl. 41.5-70.3 mm, cl. 8.7-22 Diagnosis. Rostrum reaching end of scaphocerite, the distal part slightly curved downwards, rostral formula: 3-5 + 6-9/3-5, rl. about 0.60-0.69 cl. Cephalothorax rough with microspinules, abdomen and telson smooth. Second pereiopods equal in both sexes, all joints rough, covered with microspinules, finger about 0.56-0.67 times palm, cutting edge of fixed finger with 2 teeth at proximal, basal tooth formed of 2 or 3 denticles, moveable finger with 2 proximal teeth; carpus shorter than palm, about 0.75-0.89 times palm, about 1.1-1.2 times merus; merus about 1.3 times ischium. Egg size: 1.60-1.70 X 2.13-2.41 mm in diameter.
Macrobrachium maculatum Liang & Yan, 1980
Live coloration. The body is very dark brown, cephalothorax with yellow diagonal stripes, and the abdomen has large spots (Fig. 7E) .
Remarks. The present materials agree quite well with the original description and illustrations of Liang & Yan (1980) and Liu et al. (1990) . This is the first record of the species in Guangdong Province. This species is widely distributed in southeastern China, having economic importance and usually found together with M. nipponense.
Distribution and habitat. Southeastern China (Anhui, Hunan, Fujian and Guangdong Provinces). This species inhabits freshwater and has been found in rivers, reservoirs and streams. It seeks shelter among aquatic vegetation.
